Background and Objective: Acupuncture is widely used in complementary and alternative medicine to reduce body weight. However, a systematic review and meta-analysis to assess an effect of acupuncture has not yet been performed. Aim of this study is to critically assess evidence for reduction of body weight and to evaluate adverse events of acupuncture therapy based on the results of randomized controlled trials (RCTs) that evaluate the effect of various types of acupuncture therapies. Data sources: A total of 19 electronic databases, including English, Korean, Japanese and Chinese databases, were systematically searched for RCTs of acupuncture for reduction of body weight or improvement in obesity up to March 2008 with no language restrictions. Methods: RCTs for acupuncture compared either with placebo controlled or with comparator intervention were considered. Studies' methodological qualities were assessed using the Jadad scale. If no evidence of heterogeneity existed across study results, statistical pooling of data was performed using a fixed effects model; otherwise, a random effects model was used. Publication bias was assessed using funnel plots. Subgroup analyses were performed according to types of acupuncture. Results: A total of 31 studies, which comprised a total of 3013 individual cases, were systematically reviewed. Owing to insufficient data in 2 RCTs, 29 RCTs were used for meta-analysis. About two-thirds of the trials (20 out of 31) showed the lowest score of the Jadad. Compared to control of lifestyle, acupuncture was associated with a significant reduction of average body weight (95% confidence interval, CI) of 1.72 kg (0.50-2.93 kg) and associated with an improvement in obesity (relative risk ¼ 2.57; 95% CI, 1.98-3.34). Acupuncture significantly reduced a body weight of 1.56 kg (0.74-2.38 kg), on average, compared to placebo or sham treatments. Acupuncture also showed more improved outcomes for body weight (mean difference ¼ 1.90 kg; 1.66-2.13 kg), as well as for obesity (relative risk ¼ 1.13; 1.04-1.22), than conventional medication. Only four RCTs reported acupuncture-related adverse events, which were mostly minimal. Conclusions: Our review suggests that acupuncture is an effective treatment for obesity. However, the amount of evidence is not fully convincing because of the poor methodological quality of trials reviewed. In conclusion, there is an urgent need for well-planned, long-term studies to address the effectiveness of acupuncture for treating obesity.
Introduction
Obesity is an increasingly prevalent chronic condition that is associated with serious morbidity and mortality. Excess bodyweight is the sixth most important risk factor contributing to the overall burden of disease worldwide. Indeed, a total of 1.1 billion adults and 10% of children are now classified as overweight or obese. 1 Obesity may be defined as the degree of fat storage associated with clearly elevated health risks. 2 The graded classification of obesity and overweight status according to body mass index (BMI) is accepted by many countries. . 3 There is a growing tendency for people to turn to complementary and alternative medicine. Combined with this tendency, the increasing prevalence of obesity creates an expanding market for alternative modes of therapy to aid weight management. 4 Among current modalities of complementary and alternative medicine, acupuncture is one of the most widely used therapies. 5 Acupuncture appears to be effective for control of postoperative or chemotherapyrelated nausea and vomiting, as well as for postoperative dental pain. 6, 7 It also can improve appetite, intestinal motility, metabolism, as well as emotional factors such as stress. Further, researches show that the application of acupuncture can cause increases in neural activity associated with the ventromedial nuclei of the hypothalamus, the tone of the smooth muscle of the stomach, and levels of enkephalin, b-endorphin and serotonin in plasma and brain tissue. 8, 9 Despite the above results, the effectiveness of acupuncture on obesity has not been fully understood. Lacey et al. 10 reviewed seven randomized controlled trials (RCTs) and reported a modest positive effect of acupuncture for weight loss, although his review was nonsystematic. Meanwhile, Ernst 11 reported an inconclusive result regarding the efficacy of acupuncture on weight loss based on a systematic review, but without a meta-analysis, of four RCTs. Further, with an overview of seven RCTs including the four trials reviewed by Ernst, 11 Ernst and White 12 conclusively reported that acupuncture for weight loss was not effective. On the basis of these studies, other researchers have suggested that acupuncture is not an effective weight loss treatment modality. [13] [14] [15] A recently conducted systematic review of
Pittler and Ernst 16 reported that there was insufficient, but not conclusive evidence to support the efficacy of acupuncture and acupressure for weight loss. However, Pittler and Ernst's 16 review was based on four RCTs, which consisted of three articles published in Western journals and one in a Chinese journal. Therefore, a systematic review of RCTs, using a meta-analysis, having more detailed search without language restriction is necessary to rigorously and quantitatively evaluate the efficacy of acupuncture for treating obesity, and to reconcile the different conclusions reached by previous reviews. Recently several RCTs of acupuncture for reducing weight have been published; however, no meta-analysis examining the efficacy of acupuncture for reducing weight has been performed. Thus, as the first review without restricting the language of publication, this systematic review was conducted to critically assess evidence from RCTs regarding the efficacy of various types of acupuncture therapy for reducing body weight.
Methods

Objectives
The primary objective of this review was to assess whether acupuncture therapiesFwhich include classical acupuncture, electroacupuncture, laser acupuncture, acupressure, auricular acupuncture, auricular acupressure, auricular electroacupuncture and acupointFare not only more effective than placebo but also as effective as conventional therapies to treat obesity. The secondary objective was to describe the frequency and types of adverse events or adverse reactions of acupuncture reported in clinical trials. Key words used to search RCTs were ('acupuncture' OR 'electroacupuncture' OR 'acupressure' OR 'meridian' OR 'acupoint') AND ('obesity' OR 'weight loss' OR 'weight control' OR 'weight reduction' OR 'weight increase' OR 'weight decrease' OR 'weight watch' OR 'overweight' OR 'overeat' OR 'overfeed' OR 'slim'). As all of the various databases utilized for this study possessed their own subject headings, each database was searched independently.
Data sources
Study selection (inclusion and exclusion criteria) Types of studies. Our review was restricted to RCTs that compared acupuncture or its variants with a control group, which included no treatment, placebo treatment, pharmacological or nonpharmacological treatments, to assess the efficacy of acupuncture on obesity and weight loss. No restriction was imposed on studies with respect to blinding and the type of design such as parallel or crossover. Also, no language restriction was made for selecting studies.
Types of participants.
We included all ages of participant, including children, defined as overweight/obese at baseline to assess effects of acupuncture on obesity or bodyweight loss. In defining overweight or obese status, criteria using either BMI cutoff points or percentage of weight excess compared with ideal weight/height tables were accepted. Data abstraction and quality assessment Information was abstracted independently by two reviewers (SHC and JSL) who were blinded to each other's coding but not to treatment group. Interrater agreement for data extraction was 98% in general. Data extraction was conducted according to predefined criteria using standard data extraction forms. These reviewers also independently evaluated the quality of the methodology of the RCTs using the Jadad scoring system. 24 Interrater agreement for quality scores was 70%, the low percentage mainly due to discrepancy of evaluating randomization of trials that merely state the phrase without further mentioning its process such as a concealment of allocation. A study that stated the phrase 'randomization' in its text was regarded as a randomized trial after discussion between two reviewers. Agreement for quality scores was also reached between two reviewers. Other disagreements were resolved by discussion with other two reviewers (JL and LT). where the correlation between pre-and postmeasurements (r pre,post ) was assumed to be 0.5. 25, 26 Average estimates of the effect of acupuncture were calculated using either fixed or random effects model depending on the result of the assessment of statistical heterogeneity between the studies.
Assessment of heterogeneity and subgroup analysis
Clinical heterogeneity was assessed by noting the difference in the distribution of participants' characteristics among trials (age, gender, specific diagnosis/diagnostic subtypes, duration of disorder and associated diseases). Methodological heterogeneity was assessed by comparing trial design factors (randomization concealment, blinding, follow-up loss, treatment type and co-interventions). Studies were combined to assess the net effect of all types of acupuncture treatments on weight loss only if statistical heterogeneity was not evident. Heterogeneity was examined with Cochran's w 2 -test for heterogeneity as well as with the I 2 -test, where I 2 values of 50% or more were considered to be indicators of a substantial level of heterogeneity. 27, 28 To maximize the similarities among studies that would be combined, data were further stratified where possible into subgroups based on types of acupuncture.
Assessment of publication bias and other related biases Assessment of publication bias. Funnel plots of effect estimates against standard error were generated if sufficient studies for each treatment regimen were available. It should be noted that asymmetry of a funnel plot may have arisen not only because of publication bias, but also from the Acupuncture for obesity S-H Cho et al relationship between trial size and effect size. As Egger et al. 29 suggest, in the event that such a relationship is found, clinical diversity of the studies should be examined. However, in this review, the use of funnel plots was limited due to the small number of studies evaluated.
Dealing with missing data. We tried to acquire any missing or unpublished data by contacting the authors of identified studies through electronic mail. Evaluation of important numerical information such as screened, eligible and randomized subjects as well as intention-to-treat and perprotocol populations, was carefully performed.
Dealing with duplicate publications. In the case of duplicated publications and companion papers of a primary study, the yield of information was maximized by simultaneously evaluating all available data. Whenever doubtful (for example, clinical trials performed in the same hospital during the same period), the original publication (usually the oldest version) was given priority whereas all others were excluded.
Sensitivity analysis.
Owing to a limited number of trials, sensitivity analysis to examine pooled results could not be performed.
Results
Study description
An initial search identified 99 potentially relevant articles, of which 31 studies met our inclusion criteria and thus were subjected to our systematic review. The total number of subjects evaluated was 3013. A total of 60 articles were initially excluded because they did not meet our inclusion criteria. Among them, 14 studies used combined therapy other than acupuncture alone, for example, acupuncture and moxibustion, 30 as an intervention, whereas 26 studies compared different forms of acupuncture to each other. The remaining 39 studies were further evaluated regarding randomization, and eight were found to be nonrandomized trials. A total of 2 RCTs 31,32 provided insufficient information so that 29 RCTs were used for our meta-analysis. Acupuncture for obesity S-H Cho et al described their randomization procedure, [34] [35] [36] [37] [38] whereas information of dropout or withdrawal was described in 10 trials (32%). Among 26 trials that did not report the randomization procedure, 20 trials (77%) scored the lowest with respect to methodological quality (Table 1) . Two trials were doubleblinded 34, 35 and six trials were single-blinded. 31, 36, [39] [40] [41] [42] Acupuncture versus control of lifestyle Reduction in severity of obesity measured by a mean difference for changes in body weight or in BMI. With respect to reduction in severity of obesity, combining five studies (237 participants) that provided data on body weight (kg) using a fixed effects model produced a weighted MD in favor of acupuncture compared to control of lifestyle such as diet, exercise or qigong (pooled MD ¼ 1.72 kg, 95% CI ¼ 0.50-2.93) (Figure 2 The other three studies also reported a significant improvement for the treatment group using electroacupuncture plus diet versus diet alone (pooled RR ¼ 3.03, 95% CI ¼ 2.04-4.49; P ¼ 0.64, I 2 ¼ 0%) (Figure 4) . 47, 51, 52 No heterogeneity was found between the styles of acupuncture (I 2 ¼ 0%). However, funnel plot indicated that there was a lack of smaller sized studies with a relatively small effect size ( Figure 5 ). Acupuncture versus medication Reduction in severity of obesity. By combining two trials that examined the reduction in severity of obesity with acupuncture versus sibutramine, using a fixed effects model, a pooled MD of 1.90 kg (95% CI ¼ 1.67-2.13) was produced in favor of acupuncture (I 2 ¼ 0%) (Figure 7 ).
43,49
Improvement in obesity. Four studies reported improved outcomes for obesity by comparing acupuncture treatments with medication. The combined result reached statistical significance using a fixed effects model (pooled RR ¼ 1.13, 95% CI ¼ 1.04-1.22), and the style of acupuncture did not explain statistical heterogeneity (I 2 ¼ 0%) (Figure 7 ). Specifically, although two trials with electroacupuncture plus auricular acupressure provided a statistically insignificant pooled RR of 1.10 (95% CI ¼ 0.94-1.28), 46 ,55 two other trials with acupuncture alone produced a marginally significant pooled RR of 1.14 (95% CI ¼ 1.04-1.25) (Figure 7 ).
53,59
Acupuncture versus herbal supplement Reduction in severity of obesity. The blocks represent the point estimates for each trial and the horizontal lines the 95% CI. The size of each block is approximately proportional to the statistical weight of the trial in the meta-analysis. The diamond represents the pooled estimate and its 95% CI. The solid vertical line represents no difference in its effect between the treatment group and the control group. SD, standard deviation; IV, inverse-variance; CI, confidence interval. 
Acupuncture versus wait-list control
Two studies reported a significant difference between acupuncture and wait-list controls. 48, 52 A significant mean reduction in obesity was found among participants receiving both acupuncture and auricular acupressure compared with a wait-list group (MD ¼ 3.66 kg, 95% CI ¼ 3.05-4.27). 52 Significant improvement in obesity was also found for the acupuncture group compared with the wait-list group (RR ¼ 17.0, 95% CI ¼ 2.49-115.86).
48
Acupuncture versus other interventions One study showed no significant difference between electroacupuncture treatment and ultrasound stimulation therapy (MD ¼ 0.16 kg, 95% CI ¼ À0.56-0.88). 58 Another study, however, reported significant improvement for a group receiving electroacupuncture and auricular acupressure compared with a group receiving transcutaneous electrical nerve stimulation treatment (RR ¼ 
Discussion
To the best of our knowledge, this is the first systematic review and meta-analysis of acupuncture RCTs for treatment of obesity that did not restrict studies for analysis due to
The RRs are displayed on a logarithmic scale so that the differences in the CIs can be easily seen. Other symbols are explained in Figure 2 . IV, inverse-variance; CI, confidence interval. Acupuncture for obesity S-H Cho et al the language of publication. This review suggests that the existing evidence supports the value of acupuncture for the treatment of obesity; however, the limitations of the trials and hence the degree of evidence do not allow us to definitively conclude that acupuncture does in fact reduce obesity.
Analysis of the outcomes of the trials that compared acupuncture with sham treatment or lifestyle control for treating obesity subjects favored acupuncture. These results are limited, however, because the number of trials is small, and thus should be interpreted with caution. There is insufficient evidence as to whether acupuncture is more Details of symbols are explained in Figure 2 . SD, standard deviation; IV, inverse-variance; CI, confidence interval. 
Acupuncture for obesity
S-H Cho et al effective than other modalities of treatment such as medication, which might be because of the small number of trials as well as inadequate reporting or methodological flaws in some studies. Styles of acupuncture were explored with prespecified subgroup analysis; however, due to the small number of trials, conclusions from the subgroup analysis were also limited. Therefore, the types of acupuncture intervention that have the most positive outcome on obesity could not be determined.
Among widely used quality scoring systems, the objective of the Jadad scale is to provide an overall quantitative estimate of study quality with focusing on three dimensions of internal validity of a study, namely, randomization, blinding and withdrawals. 24 However, the scale was not shown to necessarily outperform other similar scales. 64 One of the limitations of the Jadad scale is that it is weighted using the quality of trial reporting rather than actual methodological quality. 65 It emphasizes generation of allocation sequences but does not assess allocation concealment, which has clearly been shown to be related with exaggerated treatment effects. 64 Therefore, trials with low scores of this scale tend to exaggerate treatment effects compared with those having high scores. 66, 67 It also addresses the importance of blinding, which is hard to apply, for example, in a trial studying the effect of acupuncture. Nonetheless, this scale is one of the most widely advocated scoring systems and has the strength that it is the only tool among those published that was constructed based on psychometric principles. 68 Using the Jadad scale, we found that the quality of the analyzed RCTs regarding acupuncture therapy were unsatisfactory. Details of randomization were unclear, power analyses were seldom reported, and details of the acupuncture were not fully provided. Concealment of allocation and Details of symbols are explained in Figures 2 and 4 . SD, standard deviation; IV, inverse-variance; CI, confidence interval. Acupuncture for obesity S-H Cho et al blinding methods were rarely described, and reporting of dropouts and withdrawals was often incomplete. Indeed, a total of 20 out of the 31 trials systematically reviewed in this study had the lowest methodological quality (that is, a score of 1 on the Jadad scale). Considering that low-quality trials are more likely to overestimate efficacy, it is not surprising that 75% of the 20 RCTs, which we identified as poor in our review, generated positive results, as compared with 63.6% in the other 11 higher-quality trials (that is, whose quality score was larger than 2). Even the trials that scored the highest on the Jadad scale were not devoid of flaws; two trials had high dropout rates (430%), and a small number of treatment sessions. 35, 39 Considering that most of the reviewed trials
were of poor quality, the use of scale-based assessment to assess trial quality is unlikely to influence our findings. Among the six RCTs that reported adverse events, none were serious enough to warrant concern. This finding supports the contention that acupuncture is as safe for treating obesity as has been found for other conditions. Though acupuncture therapy is not risk-free, it is relatively safe when performed by qualified practitioners. 7, 69 Indeed, it
should also be noted that, in a prospective survey with 34 407 acupuncture treatments, no serious adverse events had been reported. 70 Nevertheless, the findings of our review and analyses are of clinical importance in that the results support the possibility that acupuncture may aid weight loss. We would like to note that, although acupuncture is being utilized to treat a variety of important health problems, its clinical usefulness in obesity management had not yet been fully evaluated. Our review reveals that acupuncture is a viable option for treating obesity. The question that needs to be addressed in the future includes which particular type of acupuncture should be offered. It is worthwhile to note that overweight and obese patients who refuse not only taking pharmacotherapy or a very low calorie diet but also receiving bariatric surgery, should not be discouraged from acupuncture. In addition, existing literature on acupuncture in patients with obesity as well as with a variety of other conditions have indicated that acupuncture is a treatment modality that obviates the side effects of pharmacotherapy. Nevertheless, because excessive pressure applied to skin for a long period might result in redness or ecchymosis of the ear, it is important that any form of acupuncture should be performed by a well-trained and experienced practitioner who understands the theories behind acupuncture.
This systematic review had several limitations: the number of RCTs was small. The trials satisfying the inclusion criteria were clinically as well as methodologically heterogeneous with respect to age of patients, severity of obesity, type of acupuncture variants, control groups used and outcomes examined. Many of the reviewed studies were of low quality and had methodological shortcomings such as an inadequate level of blinding. Although blinding of the therapist who applies acupuncture would be difficult, blinding of patients and other care providers, as well as outcome assessors should be attempted to minimize the performance and assessment bias of trials. We also emphasize that trials with acupuncture should be randomized, double blinded (including assessor blinding), controlled for placebo effects, have adequately concealed allocation, and utilize an appropriate level of power through sample size determinations. As the quality of trials and the reporting of trial methodologies reviewed in this study were generally weak, further high quality trials are needed to assess the effectiveness of acupuncture in treating obesity. In this respect, future trials should adhere to rigorous trial designs that are suitable for the research questions being addressed. To improve the trial design quality, level of performance, and the degree of reporting of clinical trials on acupuncture, future researchers should follow not only the basic guidelines for reporting clinical trials such as the CONSORT statement, 71 but also the STRICTA recommendations, which provide specific guidelines for the reporting of acupuncture trials. 72 Most studies to date have been of short duration, varying from 4 to 12 weeks. Noting that obesity is a chronic condition, it is likely to require longer periods of acupuncture treatment. Moreover, obesity may wax and wane with or without treatment, and thus a longer follow-up period with serial measurements of outcomes is suggested to determine the genuine effect of acupuncture as well as its long-term efficacy. Acupuncture may also be considered during the maintenance phase of weight loss programs to prevent relapse.
In summary, the number of RCTs included in our review was too small, and their methodological qualities were too limited, to allow us to generate reliable conclusions about the efficacy of acupuncture. Conclusive evidence as to the efficacy of acupuncture for weight loss requires more rigorous RCTs to be performed.
Conclusions
Our review indicates that acupuncture for obesity has some beneficial effect compared to placebo or lifestyle control, although the results are of limited value due to the clinical heterogeneity and poor methodological quality of the included studies which prevent us from drawing a definitive conclusion for the effectiveness of acupuncture. However, acupuncture therapy for obesity is a relatively safe treatment modality, and thus obese patients who want to try acupuncture should not be discouraged.
Questions that cannot be conclusively answered at present include whether acupuncture should be widely recommended and what the most effective form of acupuncture is. More research and well-designed, rigorous clinical trials are necessary to address these issues.
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